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Abstract 


Pursuant  to  Public  Law  92-367,  Phase  I  Inspection  Reports  are  prepared 
under  guidance  contained  in  the  recommended  guidelines  for  safety 
inspection  of  dams,  published  by  the  Office  of  Chief  of  Engineers, 
Washington,  D.  C.  20314.  The  purpose  of  a  Phase  I  investigation  is 
to  identify  expeditiously  those  dams  which  may  pose  hazards  to  human 
life  or  property.  The  assessment  of  the  general  conditions  of  the  dam 
is  based  upon  available  data  and  visual  inspections.  Detailed 
investigation  and  analyses  involving  topographic  mapping,  subsurface 
investigations,  testing,  and  detailed  computational  evaluations  are 
beyond  the  scope  of  a  Phase  I  investigation;  however,  the 
investigation  is  intended  to  identify  any  need  for  such  studies. 

Based  upon  the  field  conditions  at  the  time  of  the  field  inspection 
and  all  available  engineering  data,  the  Phase  I  report  addresses  the 
hydraulic,  hydrologic,  geologic,  geotechnic,  and  structural  aspects  of 
the  dam.  The  engineering  techniques  employed  give  a  reasonably 
accurate  assessment  of  the  conditions  of  the  dam.  It  should  be 
realized  that  certain  engineering  aspects  cannot  be  fully  analyzed 
during  a  Phase  I  inspection.  Assessment  and  remedial  measures  in  the 
report  include  the  requirements  of  additional  indepth  study  when 
necessary. ^ 


Phase  I  reports  include  project  information  of  the  dam  and 
appurtenances^  all  existing  engineering  data,  operational  procedures, 
hydraulic/hydr^ologic  data  of  the  watershed,  dam  stability,  visual 
inspection  report  and  an  assessment  including  required  remedial 
measures. 
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This  report  is  prepared  under  guidance  contained  in  the  Recoonended 
Guidelines  for  Safety  Inspection  of  Dams,  for  Phase  I  Investigations. 
Copies  of  these  guidelines  nay  be  obtained  from  the  Office  of  the  Chief 
of  Engineers,  Washington,  D.C.  20314.  The  purpose  of  a  Phase  I  investi¬ 
gation  is  to  identify  expeditiously  those  dams  which  may  pose  hazards  to 
human  life  or  property.  The  assessment  of  the  general  condition  of  the 
dam  is  based  upon  available  data  and  visual  inspections.  Detailed  in¬ 
vestigation  and  analyses  involving  topographic  mapping,  subsurface 
investigations  testing,  and  detailed  computational  evaluations  are  beyond 
the  scope  of  a  Phase  I  investigation;  however,  the  investigation  is 
intended  to  identify  any  need  for  such  studies. 

In  reviewing  this  report,  it  should  be  realized  that  the  reported 
condition  of  the  dam  is  based  on  observations  of  field  conditions  at  the 
time  of  inspection  along  with  data  available  to  the  inspection  team.  In 
cases  where  the  reservoir  was  lowered  or  drained  prior  to  inspection,  such 
action,  while  improving  the  stability  and  safety  of  the  dam,  removes  the 
normal  load  on  the  structure  and  may  obscure  certain  conditions  which 
might  otherwise  be  detectable  if  inspected  under  the  normal  operating 
environment  of  the  structure. 

It  is  important  to  note  that  the  condition  of  a  dam  depends  on 
numerous  and  constantly  changing  internal  and  external  conditions,  and  is 
evolutionary  in  nature.  It  would  be  incorrect  to  assume  that  the  present 
condition  of  the  dam  will  continue  to  represent  the  condition  of  the  dam 
at  some  point  in  the  future.  Only  through  continued  care  and  inspection 
can  there  be  any  chance  chat  unsafe  conditions  be  detected. 

Phase  I  inspections  are  not  intended  to  provide  detailed  hydrologic 
and  hydraulic  analyses.  In  accordance  with  the  established  guidelines, 
the  spillway  design  flood  is  based  on  the  estimated  "Probable  Maximum 
Flood"  for  the  region  (flood  discharges  that  may  be  expected  from  the 
most  severe  combination  of  critical  meteorologic  and  hydrologic  conditions 
that  are  reasonably  possible),  or  fractions  thereof.  Because  of  the 
magnitude  and  rarity  of  such  a  storm  event,  a  finding  that  a  spillway 
will  not  [tass  the  design  flood  should  not  be  interpreted  as  necessarily 
posing  a  highly  inadequate  condition.  The  design  flood  provides  a 
measure  of  relative  spillway  capacity  and  serves  as  an  aide  in 
determining  the  need  for  more  detailed  hydrologic  and  hydraulic  studies, 
considering  the  size  of  the  dam,  its 
damage  potent ial . 
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PHASE  I  REPORT 


NATIONAL  DAM  SAFETY  PROGRAM 

BRIEF  ASSESSMENT 


Name  of  Dam: 

State : 

County: 

USGS  Quad  Sheet: 
Stream: 

Date  of  Inspection: 


Upper  Blackwater  River  No.  4 

Virginia 

Franklin 

Callaway 

Tributary  of  the  North  Fork  of  the 
Blackwater  River 
17  May  1979 


Upper  Blackwater  River  Dam  No.  4  is  a  zoned  earthfill  structure  about 
540  feet  long  and  52  feet  high.  The  dam  is  owned  by  Mr.  C.  I.  Dillon 
and  maintained  by  the  Blue  Ridge  Soil  and  Water  Conservation  District. 
The  dam  serves  as  a  flood  control  structure  and  is  classified  as  an 
intermediate  size  and  significant  hazard  classification.  The  principal 
spillway  consists  of  a  24-inch  concrete  pipe  served  by  a  drop  inlet. 

The  emergency  spillway  is  an  open  channel  earthen  spillway.  The  dam  is 
located  0.3  mile  upstream  of  Dillons  Mill,  Virginia,  on  a  tributary  of 
the  North  Fork  of  the  Blackwater  River. 


The  emergency  spillway  will  pass  20  percent  of  the  Probable  Maximum 
Flood  (PMF)  without  overtopping  the  dam.  Based  on  criteria  established 
by  the  Department  of  the  Army,  Office  of  the  Chief  of  Engineers  (OCE), 
the  Spillway  Design  Flood  (SDF)  is  the  1/2  PMF.  Since  the  spillway  can 
not  pass  the  SDF,  it  is  rated  as  inadequate. 


Stability  conditions  are  satisfactory  and  conventional  safety  margins 
exist  if  the  dam  was  constructed  as  specified  in  the  design  report. 

The  visual  inspection  revealed  one  immediate  need  for  evaluation.  The 
berm  at  the  right  abutment  forming  the  left  side  slope  of  the  emergency 
spillway  should  be  enlarged  or  the  side  slope  be  protected.  The 
corrective  measure  should  be  initiated  within  six  months. 

It  is  recommended  that  the  annual  inspection  and  maintenance  program  be 
expanded  to  include  the  suggestions  listed  in  Section  7.2. 


SUBMITTED  BY:  oaKiNi^v.  <W. 

y_!  O  tr.  ?0--/ 

JAMES  A.  WALSH,  P.  E. 

Chief,  Design  Branch 

RECOMMENDED  BY:  oiu  C  / S  v • 
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CARLS.  ANDERSON,  JR.,  P.  E. 

Acting  Chief,  Engineering  Division 
Original  signed  by: 

APPROVED  BY:  Douglas  L.  Haller 

DOUGLAS  L.  HALLER 
Colonel,  Corps  of  Engineers 
District  Engineer 
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OVERALL  VIEW  OF  DAM 

17  MAY  1979 


SECTION  1 


PROJECT  INFORMATION 

1 .1  General 

1.1.1  Authority;  Public  Law  92-367,  8  August  1972,  authorized  the 
Secretary  of  the  Army,  through  the  Corps  of  Engineers  to  initiate  a 
national  program  of  safety  inspections  of  dams  throughout  the  United 
States.  The  Norfolk  District  has  been  assigned  the  responsibility  of 
supervising  the  inspection  of  dams  in  the  Commonwealth  of  Virginia. 

1.1.2  Purpose  of  Inspection:  The  purpose  is  to  conduct  a  Phase  I 
inspection  according  to  the  Recommended  Guidelines  for  Safety  Inspection 
of  Dams  (Appendix  VI,  Reference  1).  The  main  responsibility  is  to 
expeditiously  identify  those  dams  which  may  be  a  potential  hazard  to 
human  life  or  property. 

1 . 2  Project  Description 

1.2.1  Dam  and  Appurtenances:  Upper  Blackwater  Dam  No.  4  is  an 
earthfill  structure  about  540  feet  long  and  52*  feet  high.  The  top  of 
the  dam  is  14  feet  wide  and  is  at  elevation  1298.0  feet  mean  sea  level 
(m.s.l.).  Side  slopes  are  2.5  horizontal  to  1  vertical  (2.5:1). 

The  principal  spillway  consists  of  a  24-inch  diameter  reinforced 
concrete  pipe,  running  through  the  dam  at  a  low  level.  This  pipe  is 
served  by  a  drop-inlet  structure  (riser)  located  in  a  low  elevation  of 
the  reservoir  just  upstream  from  the  toe  of  the  embankment.  The  crest 

*  Height  measured  from  streambed  elevation  at  the  downstream  toe  of  the 
dam  to  the  top  of  the  dam. 
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of  the  riser  is  at  elevation  1282.4.  An  18-inch  square  low  stage 
(secondary)  inlet,  with  invert  at  elevation  1273.7,  located  in  the 
riser,  maintains  the  normal  pool. 

The  emergency  spillway  is  a  vegetated  earth-side-channel  spillway 
located  off  the  right  end  of  the  dam.  It  has  a  bottom  width  of  about 
100-feet  with  a  crest  at  elevation  1294.1  and  side  slopes  of  3 
horizontal  to  1  vertical . 

A- 24-inch  round  corrugated  metal  pipe  with  invert  at  a  low  level 
(elevation  1252.4)  enters  the  upstream  side  of  the  riser  from  the 
reservoir.  This  permits  withdrawal  of  water  from  the  bottom  of  the 
reservoir. 

1.2.2  Location:  Upper  Blackwater  Dam  No.  4  is  located  on  a 
tributary  of  the  North  Fork  of  the  Blackwater  River.  It  is  located 
about  0.3  mile  upstream  from  Dillons  Mill. 

1.2.3  Size  Classification:  The  dam  is  classified  as  an 
"intermediate"  size  structure  because  of  its  height  (52  feet). 

1.2.4  Hazard  Classification:  The  dam  is  located  in  a  rural  area 
upstream  of  3  to  4  homes  located  in  the  flood  plain  and  is  therefore 
given  a  significant  hazard  classification  in  accordance  with  guidelines 
contained  in  Section  2.1.2  of  Reference  1,  Appendix  VI.  The  hazard 
classification  used  to  categorize  dams  is  a  function  of  location  only 
and  has  nothing  to  do  with  its  stability  or  probability  of  failure. 

1.2.5  Ownership:  Mr.  C.  I.  Dillon 

1.2.6  Purpose:  Flood  control 
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1.2.7  Design  and  Construction  History:  The  dam  was  designed  and 
constructed  under  the  supervision  of  the  U.S.  Soil  Conservation 
Service.  Construction  was  completed  in  July  1974  by  Cardinal 
Construction  Company. 

1.2.8  Normal  Operational  Procedures:  Operation  of  the  project  is 
automatic.  The  principal  spillway  is  ungated;  therefore  water  rising 
above  the  crest  of  the  low  stage  (secondary)  inlet  is  automatically 
passed  downstream.  Similarly  water  is  automatically  passed  through  the 
principal  spillway  crest  and  the  emergency  spillway  in  the  event  of  an 
extreme  flood  which  fills  the  flood  storage  space. 

1.3  Pertinent  Data 


1.3.1  Drainage  Areas:  The  dam  controls  a  drainage  area  of  1.88 
square  miles. 

1.3.2  Discharge  at  Damsite 
Maximum  flood  at  damsite  not  known. 

Principal  Spillway: 

Pool  level  at  top  of  dam . 78  c.f.s. 

Emergency  Spillway: 

Pool  level  at  top  of  dam . 2110  c.f.s. 

1.3.3  Dam  and  Reservoir  Data:  Pertinent  data  on  the  dam  and 
reservoir  are  shown  in  the  following  table: 
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Table  1.1  DAM  AND  RESERVOIR  DATA 


Reservoir 


Item 

Elevation 

feet 

m.s.l. 

Area , 
acres 

Acre , 
feet 

Capacity 

Watershed , 
inches 

Length 

miles 

Top  of  dam 

1298.0 

30 

338 

3.4 

0.4 

Emergency  spillway  crest 

1294.1 

26 

225 

2.2 

0.3 

Principal  spillway  crest 

1282.4 

16 

177 

1.8 

0.2 

(Secondary  level  orifice 
invert  (normal  pool)) 

1273.7 

9 

65 

0.6 

0.2 

Streambed  at  downstream 
toe  of  dam 


1246+ 


SECTION  2 


ENGINEERING  DATA 

2.1  Design:  The  dam  was  designed  and  constructed  under  the 
direction  of  the  U.S.  Soil  Conservation  Service  (SCS).  The  design  data 
and  as-built  drawings  are  available  in  the  office  of  the  State 
Conservationist,  U.S.  Soil  Conservation  Service,  P.0.  Box  10026, 

Richmond ,  VA  23240  . 

Geologic  investigation  was  conducted  at  the  damsite  by  SCS  during  the 
initial  design  stages.  The  investigation  consisted  of  excavating  and 
examining  in  36  test  pits  along  the  proposed  centerlines  of  the  dam, 
principal  spillway,  and  emergency  spillway.  The  test  pits  were  excavated 
with  a  backhoe  to  bedrock,  which  was  about  4  to  12  feet  below  ground 
surface.  Disturbed  soil  samples  of  all  significantly  different  materials 
were  collected  for  soil  testing.  A  1-gallon  undisturbed  sample  was  taken 
from  the  depth  of  2  to  2.75  feet  along  the  principal  spillway 
centerline.  The  test  pit  locations  and  logs  are  shown  in  Plates  I,  VI, 
and  VII,  Appendix  I,  the  geologic  report  are  inclosed  as  Appendix  IV  and 
the  embankment  design  data  is  inclosed  as  Appendix  V. 

Referring  to  Plate  III,  the  dam  is  a  zoned  earth  embankment.  The  design 
specified  MH  and  CL  materials  for  building  the  zone  1  (inner  core)  and 
less  impervious  materials  consisting  mostly  of  ML  soils  for  building  the 
zone  2  (outer  shell).  A  cutoff  trench  with  a  bottom  width  of  12  feet  was 
backfilled  with  CL  material  and  was  constructed  along  the  centerline  of 
the  dam  with  depths  extending  to  sound  bedrock  (granite) .  The  dam  is 
founded  on  alluvial  soils  below  which  is  bedrock. 
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To  lower  the  phreatic  surface  at  the  downstream  slope  and  to  collect 
seepages,  an  internal  draining  system  is  located  under  the  downstream 
portion  of  the  dam  as  shown  in  Plate  V,  Appendix  I.  The  drainage 
system  consists  of  a  6-inch  diameter  perforated  pipe  embedded  in  a 
trench  4  feet  wide  with  variable  depths  and  filled  with  graded  filter 
materials.  Two  interceptive  drains  of  similar  construction  connect  the 
seepage  drain  and  run  parallel  to  the  principal  spillway  discharging 
into  the  stilling  basin.  Ten  anti-seep  collars  were  built  around  the 
principal  spillway  under  the  upstream  and  center  portion  of  the  dam  to 
control  the  problem  of  piping. 


Referring  to  Appendix  V,  soils  samples  were  tested  for  classification 
and  compaction  properties.  A  consolidation  test  was  made  on  each  of 
the  MH  and  CL  residual  materials.  A  consolidated  undrained  triaxial 
test  with  pore  pressure  measurement  was  made  on  each  of  the  ML,  MH ,  and 
CL  residual  materials.  Test  specimens  of  disturbed  soil  samples  for 
the  consolidation  and  strength  tests  were  compacted  to  95  percent  of 
the  standard  Proctor  density.  The  test  results  and  interpretations  are 
summarized  as  follows: 

Foundation  Materials  (from  consolidated  undrained  test  of  undisturbed 
s  amp 1 e ) : 


Type  of  material 
Liquid  limit 
Plastic  index 
Dry  density 
Water  content: 

Degree  of  saturation 
Angle  of  internal  friction 
Cohesion 


ML 

27  percent 
4  percent 
93~96  p.c.f. 
28.3~30.0  percent 
95.1-99.6  percent 
16  * 

700  p.s.f. 


2-2 


Embankment  Materials 


1.  Soil  Classification  and  Compaction  Test 


Type  of  Material 


MH 

ML 

CL 

Liquid  limit,  percent 

53 

28  -  34 

30  - 

38 

Plastic  Index,  percent 

9 

0 

11  - 

15 

Maximum  dry  density,  p.c.f. 

87.0 

95.0-109.5 

100.5- 

110.5 

Optimum  water  content,  percent 

31.5 

18.5-  23.5 

16.5- 

22.5 

Consolidated  Undrained  Test 

Type  of  Material 

MH 

ML 

CL 

Dry  density,  p.c.f. 

82.6  -83.3 

96.8  -97.3 

99.7  -  100.1 

Pore  pressure  parameter  B 
(dimensionless) 

0.95-0.98 

0.95-  0.98 

0.95- 

0.98 

Total  strength  parameters 

Angle  of  internal  friction, 
degrees 

6.5 

20.5 

10 

Cohesion,  p.s.f. 

1200 

800 

475 

Effective  strength  parameters 

Angle  of  internal  friction 
Cohesion,  p.s.f. 

11.0 

1200 

31.0 

500 

27.5 

200 

The  stability  of  the  embankment  was 

checked  with 

circular  failure 

surface  using  a  computer  and  SCS  program,  but  the  method  of  analysis  is 
not  given.  The  stability  of  the  embankment  was  also  checked  with  the 
sliding  wedge  method  used  by  Navdocks.  Dimensions  of  the  embankment 
used  in  the  analysis  are  given  in  Appendix  V.  The  embankment  is 
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assumed  to  be  founded  on  2  feet  thick  layer  of  ML  material  which 
overlies  another  2  feet  of  SM  material.  The  stability  analyses  were 
made  with  a  combination  of  strength  parameters  that  would  result  in  the 
least  shear  strength  for  the  loading  range  planned,  although  this  could 
not  be  verified.  All  the  analyses  were  made  with  the  total  strength 
parameters  of  the  CL  material  for  zone  1  (inner  core)  and  the  effective 
strength  parameters  of  the  ML  material  for  zone  2  (shell).  Since  no 
shear  strength  test  was  made  on  the  SM  material  in  the  foundation,  the 


effective  strength  parameters  were 

the  analysis  are  summarized  as  foil 

assumed . 

ows : 

Pertinent  soils 

data 

Section: 

Embankment 

Foundation 

Material : 

CL 

ML 

ML 

SM 

Dry  density,  p.c.f. 

99.9 

97.2 

94.4 

- 

Wet  density,  p.c.f. 

117.5 

115.0 

- 

- 

Saturated  density,  p.c.f. 

135.5 

123.0 

122.0 

- 

Total  strength  parameter 

to,  degree 

10.0 

16.0 

- 

c,  p.s.f. 

475 

700 

Effective  strength  parameter 

3,  degree 

31 

- 

35 

c,  p.s.f. 

- 

500 

- 

0 
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The  safety  factor  for  the  upstream  slope  under  full  drawdown  condition 
(with  pool  level  at  the  emergency  spillway  crest,  elevation  1291.5)  is 
1.39  governed  by  the  sliding  wedge  method.  The  safety  factor  for  the 
downstream  slope  under  steady  seepage  (with  pool  level  at  the  emergency 
spillway  crest,  and  internal  drain  at  c/b  =  0.6)  is  1.54  governed  by 
the  circular  arc  method.  Calculations  for  the  analysis  are  not 
available.  The  safety  factors  for  the  loading  conditions  satisfy  the 
suggested  values  given  in  Reference  1,  Appendix  VI. 

No  information  on  settlement  and  seepage  analysis  was  available.  An 
overfill  of  1.25  feet  was  recommended  to  compensate  for  consolidation 
of  the  compacted  fill  and  the  foundation.  The  design  specified  a 
minimum  placement  density  of  95  percent  of  standard  Proctor  density  and 
a  placement  moisture  content  slightly  wet  of  optimum. 

The  emergency  spillway  is  constructed  by  a  cut  in  residual  soils.  The 
design  specified  a  100-foot  bottom  width,  3:1  side  slopes,  2  percent 
entrance  slope,  4  percent  exit  slope  and  a  30-foot  control  section. 

The  bottom  of  the  spillway  was  undercut  1-foot  and  refilled  with 
compacted  fill.  The  spillway  is  separated  from  the  dam  by  a  very 
narrow  berm  (see  Plate  I,  Appendix  I). 

2.2  Construction:  The  construction  records  were  not  furnished  by 
the  SCS  office  in  Richmond,  but  they  are  available  from  the  SCS  office 
in  Washington,  D.C. 

2.3  Evaluation:  The  Design  Report  and  the  as-built  drawings 
provided  by  SCS  were  adequate  for  review.  Although  no  construction 
records  were  available,  the  general  shape  of  the  embankment  appeared  to 
be  in  accordance  with  the  as-built  drawings  which  were  available  during 
the  inspection. 
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SECTION  3 


VISUAL  INSPECTION 

3.1  Findings: 

3.1.1  General:  The  inspection  was  made  on  May  17,1979  during  a 
normal  period  which  was  not  preceded  by  a  long  period  of  rainfall  nor  a 
draught.  The  weather  was  clear  and  dry.  The  ground  surfaces  at  the 
embankment  were  firm  and  dry  except  at  a  wet  area  at  the  toe  of  the 
downstream  slope  just  to  the  left  of  the  outlet  pipe.  Information 
observed  in  the  field  is  given  in  Appendix  III. 

3.1.2  Embankment:  All  faces  of  the  embankment  were  moderately 
covered  with  grasses  about  8  inches  tall.  There  were  many  bare  spots. 
The  ground  surfaces  were  firm  and  dry  except  for  a  wet  area  at  the 
downstream  toe.  The  faces  of  the  embankment  were  smooth  which 
indicated  that  there  were  no  apparent  settlement  or  instability 
problems.  It  appeared  that  the  internal  drainage  system  for  the 
embankment  is  working  properly,  as  the  water  discharging  from  the  two 
6-inch  drains  (less  than  1  GPM)  was  clear,  indicating  no  sign  of 
internal  erosion.  At  normal  pool,  no  erosion  was  noted  at  the  upstream 
slope  shoreline  although  no  ripraps  was  used  to  protect  the  shoreline. 

A  small  shrub  had  grown  on  the  upstream  slope.  Some  slope  sloughing 
was  noted  at  the  toe  of  the  downstream  slope  just  to  the  right  of  the 
outlet  pipe.  To  the  left  of  the  outlet  pipe,  an  area  of  about  50  feet 
square  adjacent  to  the  toe  was  covered  with  2  to  6  inches  of  water,  but 
no  flowing  water  was  observed.  The  whole  wet  area  was  covered  with 
marsh  grass.  The  ground  at  the  toe  above  the  wet  area  was  also  very 
soggy .  Approximately  100  feet  further  downstream  from  the  wet  area, 
another  large  wet  area  (200  feet  square)  was  covered  with  similar  type 
of  marsh  grass.  The  ground  joining  the  two  marshy  areas  was  soggy. 
Further  discussion  of  these  two  areas  is  given  in  Section  3.1.6. 

* 
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3.1.3  Junction  of  Embankment  and  Abutment:  At  the  left  junction, 
animal  burrows  as  large  as  12  inches  in  diameter  were  observed  on  both 
the  upstream  and  downstream  slopes.  Soils  at  the  lower  section  of  the 
left  junction  were  eroded  and  gullies  formed  up  to  18  inches  deep. 

3.1.4  Appurtenant  Structures:  The  intake  structure  was  not 
inspected  because  the  structure  is  only  accessible  by  boat.  Observing 
from  a  distance,  the  concrete  structure  appeared  to  be  in  excellent 
condition.  Water  was  discharging  through  the  24-inch-diameter  outlet 
pipe  about  1/6  full.  The  outlet  pipe  and  its  concrete  saddle  were  in 
excellent  condition.  The  handle  for  the  emergency  gate  located  at  the 
intake  structure  was  not  in  place;  it  is  stored  at  the  landowner's 
premises . 

3.1.5  Emergency  Spillway:  All  faces  of  the  spillway  were  covered 
with  short  grasses,  except  the  left  side  slope  of  the  approach  channel 
where  the  entire  slope  was  bare.  It  was  placed  too  closely  to  the 
right  abutment  so  that  the  natural  berm  which  forms  the  left  side  slope 
of  the  approach  channel  was  very  narrow.  Should  the  emergency  spillway 
operate,  the  narrow  berm  could  be  eroded  to  the  extent  that  the  dam 
might  breach  at  the  right  abutment. 

3.1.6  Stilling  Basin  and  Downstream  Channel:  The  stilling  basin 
extends  approximately  30  feet  from  the  toe  of  dam  at  the  outlet  pipe. 
The  banks  were  protected  with  riprap  from  4  to  18-inches  in  size.  The 
riprap  surface  appeared  to  be  relatively  even  indicating  that  the  rocks 
had  been  placed  properly.  Some  small  trees  and  shrubs  are  growing  in 
the  riprap.  Water  flows  freely  from  the  basin  into  the  downstream 
channel  which  is  about  4  feet  wide.  Both  the  stilling  basin  and  the 
downstream  channel  are  in  good  condition.  About  100  feet  downstream 
from  the  outlet  pipe,  water  is  flowing  at  a  rate  of  10  GPM  from  a  12 
inch  diameter  hole  on  the  left  bank  of  the  downstream  channel. 
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It  could  not  be  determined  whether  the  flow  was  from  a  natural  spring, 
which  also  caused  the  wet  marshy  areas  discussed  in  section  3.1.2, 
during  the  visual  inspection.  Four  drainage  pipes  were  found  on  the 
left  bank  of  the  downstream  channel.  Although  all  the  pipes  were  dry, 
it  appeared  to  be  an  attempt,  as  related  by  the  landowner,  to  drain  the 
marshy  areas  which  existed  prior  to  the  dam  construction.  Two 
subterranean  flows  were  observed  in  the  channel  which  discharges  into 
the  Blackwater  River. 

3.1.7  Reservoir  Area:  The  slopes  of  the  reservoir  bank  were 
gentle.  Minor  erosion  was  noted  around  the  entire  shoreline.  About  75 
percent  of  the  surrounding  land  is  pasture  and  the  rest  is  covered  with 
trees . 


3.1.8  Downstream  Area:  State  Highway  643  crosses  the  flood  plain 
about  1,000  feet  downstream  of  the  dam.  Three  to  four  homes  were 
located  further  downstream  from  the  highway. 

3.2  Evaluation:  The  embankment,  appurtenant  structures,  emergency 
spillway,  and  stilling  basin  are  in  good  condition.  Some  unfavorable 
conditions  observed  during  the  field  inspection  should  be  further 
evaluated  and  possibly  corrected.  Some  of  the  conditions  can  be 
corrected  as  part  of  the  preventive  maintenance  program.  The 
recommended  measures  are  summarized  as  follows: 

a.  The  berm  at  the  right  abutment  forming  the  left  side  slope  of 
the  emergency  spillway  should  be  enlarged  or  the  side  slope  be 
protected.  The  left  side  slope  of  the  emergency  spillway  was  bare  at 
the  time  of  inspection.  Since  the  berm  was  unusually  narrow,  a  grass 
cover  protection  for  the  slope  may  not  be  adequate.  If  the  berm  were 
eroded  when  the  emergency  spillway  operates,  the  dam  could  breach  at 
the  right  abutment. 
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b.  The  wet  area  at  the  downstream  toe  and  the  flow  of  water  from 
the  hole  at  the  downstream  channel  should  be  monitored  closely  (see 
sections  3.1.2  and  3.1.6).  It  could  not  be  determined  whether  the  wet 
area  and  this  flow  were  due  to  seepage  from  the  lake  or  from  natural 
springs,  which  could  have  existed  prior  to  the  dam  construction. 
Although  the  situation  is  not  a  major  problem  at  this  time,  the  wet 
area  and  the  flow  rate  at  the  hole  should  be  monitored  closely.  The 
flow  rate  should  be  fairly  steady  at  normal  pool  condition.  Any  sudden 
change  in  the  flow  rate  as  well  as  change  in  water  turbidity  should  be 
detected  at  an  early  stage  for  implementing  appropriate  remedial 
measures.  The  flow  rate  and  the  pool  level  should  be  recorded  at  the 
same  time  especially  at  extremely  wet  periods.  The  source  of  this  flow 
and  the  wet  area  should  be  determined  before  the  normal  pool  level  is 
raised  from  the  present  elevation  of  1273.7  feet  to  1282.4  in  the 
future . 

c.  All  bare  spots  should  be  seeded  and  fertilized  to  form  a  good 
grass  cover. 

d.  All  gullies  caused  by  runoff  and  animal  burrows  should  be 
filled  with  compacted  soils  of  the  same  type  forming  the  face  of  the 
dam.  The  restored  areas  should  be  seeded  to  form  a  good  grass  cover. 

e.  Remove  all  trees  and  shrubs  from  the  riprap  at  the  stilling 
basin  and  from  the  upstream  slope. 
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SECTION  4 


OPERATIONAL  PROCEDURES 

4.1  Procedures :  Operation  of  the  project  is  automatic.  The 
24-inch  diameter  principal  spillway  is  ungated,  therefore,  water  rising 
above  the  low  level  drop-inlet  crest  is  automatically  passed 
downstream.  This  in  turn  automatically  maintains  the  pool  level  at,  or 
near,  elevation  1273.7  most  of  the  time.  Water  is  automatically  passed 
through  the  high  level  drop  inlet  and  the  emergency  spillway,  in  the 
event  of  an  extreme  flood  which  fills  the  flood  storage  space.  A 
24-inch  sluice  gate  located  at  low  level  of  the  intake  structure  can  be 
operated  to  dewater  the  reservoir. 

4.2  Maintenance:  Maintenance  of  the  project  consists  mainly  of 
fertilizing,  liming,  and  mowing  the  embankment  and  emergency  spillway, 
which  is  performed  by  the  Blue  Ridge  Soil  and  Water  Conservation 
District  and  dam  owners. 

4.3  Warning  System:  At  the  present  time,  there  is  no  warning 
system  or  evacuation  plan  in  operation. 

4.4  Evaluation:  The  dam  does  not  require  an  elaborate  operational 
and  maintenance  procedure.  However,  the  annual  maintenance  and 
inspection  program  should  be  expanded  from  its  present  form  to  help 
detect  and  control  problems  that  may  occur. 
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SECTION  5 


HYDRAULIC/HYDROLOGIC  DATA 

5.1  Design:  The  dam  was  designed  and  constructed  as  a  class  b  dam 
under  the  U.S.  Soil  Conservation  Service.  The  design  data  was  obtained 
and  evaluated  according  to  the  guidelines  in  Reference  1,  Appendix  VI. 

5.2  Hydrologic  Records:  None  were  available. 

5.3  Flood  Experience:  The  maximum  flood  is  not  known. 

5.4  Flood  Potential:  The  1/2  PMF  and  PMF  were  developed  and 
routed  through  the  reservoir  by  use  of  the  HEC-1DB  computer  program 
(Reference  2,  Appendix  VI)  and  appropriate  unit  hydrograph, 
precipitation,  and  storage-outflow  data.  Clark's  Tc  and  R  coefficients 
for  the  local  drainage  area  were  estimated  from  basin  characteristics. 
The  rainfall  applied  to  the  developed  unit  hydrograph  was  obtained  from 
a  U.S.  Weather  Bureau  Publication  (Reference  3,  Appendix  VI).  Losses 
were  estimated  at  an  initial  loss  of  1.0  inch  and  a  constant  loss 
thereafter  of  0.05  inch/hour. 

5.5  Reservoir  Regulation:  Pertinent  dam  and  reservoir  data  are 
shown  in  Table  1.1. 
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Regulation  of  flow  from  the  reservoir  is  automatic.  Water  rising  above 
the  secondary  level  orific  invert  flows  into  the  riser  and  passes 
through  the  dam  in  the  24-inch  concrete  pipe.  Water  also  flows  past 
the  dam  through  the  principal  spillway  crest  and  the  emergency  spillway 
in  the  event  water  in  the  reservoir  rises  to  the  intake  crests. 

The  storage  curve  and  the  emergency  spillway  rating  curve  developed  by 
the  Soil  Conservation  Service  was  used  in  the  development  of  this 
report.  Rating  curves  were  developed  for  the  non-overflow  section  and 
the  drawdown  outlet.  In  routing  hydrographs  through  the  reservoir,  it 
was  assumed  that  the  intial  pool  level  was  at  the  secondary  level 
orifice  invert.  Flow  through  the  principal  spillway  was  neglected 
during  routing. 

5.6  Overtopping  Potential:  The  probable  rise  of  the  reservoir  and 
other  pertinent  information  on  reservoir  performance  is  shown  in  the 
following  table: 
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Table  5.1.  RESERVOIR  PERFORMANCE 


Peak  flow  c.f.s. 


Inflow  2 

6883 

13765 

Outlow  2 

6854 

13733 

Maximum  elevation 

f t . ,  m. s . 1 . 

1299.5 

1301.0 

Emergency  spillway 
(el.  1294.1) 

Depth  of  flow,  ft. 

5.4 

6.9 

Duration,  hrs. 

17 

17 

Velocity,  f.p.s. 

10.5 

12.1 

Non-overflow  section 
(el.  1298.0) 

Depth  of  flow,  ft. 

1.5 

3.0 

Duration,  hrs. 

2.5 

4.5 

Velocity,  f.p.s.  £/ 

5.6 

7.9 

Tailwater  elevation 

ft.,  m.s.l.  1248+ 

1/  The  PMF  is  an  estimaCe  of  flood  discharges  that  may  be  expected  from 
—  the  most  severe  combination  of  critical  meteorologic  and  hydrologic 
conditions  that  are  reasonably  possible  in  the  region. 


2/  Critical  velocity. 

5.7  Reservoir  Emptying  Potential:  The  24-inch  pipe  entering  the 
upstream  side  of  the  riser  at  a  low  level  will  permit  withdrawal  of 
about  74  c.f.s.  with  the  reservoir  level  at  the  principal  spillway 
crest  and  essentially  dewater  the  reservoir  in  less  than  1  day. 
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5.8  Evaluation:  Based  on  the  size  (intermediate)  and  hazard 
classification  (significant)  the  recommended  Spillway  Design  Flood  is 
1/2  PMF.  Based  on  the  risk  involved  in  this  project,  it  is  considered 
that  1/2  PMF  is  appropriate  as  a  Spillway  Design  Flood.  The  emergency 
spillway  will  pass  20  percent  of  the  PMF  without  overtopping  the  dam. 
The  1/2  PMF  will  overtop  the  dam  for  a  duration  2.5  hours  and  reach  a 
depth  of  1.5  feet  over  the  top  of  the  dam. 

Conclusions  pertain  to  present  day  conditions  and  the  effect  of  future 
development  on  the  hydrology  has  not  been  considered. 
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SECTION  6 


STRUCTURAL  STABILITY 

6.1  Foundation  and  Abutments:  The  dam  is  located  in  the  Ridge  and 
Valley  Province  of  Virginia.  The  damsite  is  underlain  by  coarse 
granite.  The  site  lies  across  a  narrow  valley  bottom  in  Precambriam 
gneisses  near  the  southeast  edge  of  the  Virginia  Blue  Ridge  complex. 

The  coarse  granite  contains  quartz,  feldspar,  mica,  and  hornblende. 

The  granite,  gneissic  in  places,  is  exposed  in  the  stream  bottom, 
downstream  from  the  centerline  of  the  dam  and  also  in  the  left  upstream 
portion  of  the  foundation.  Occasional  vein  quartz  cuts  the  granite. 
From  the  outcrops  and  the  blocky  nature  of  the  boulders  weathered  from 
granite,  it  appears  that  a  joint  system  is  well  developed  in  the 
granite.  Potential  leakage  could  develop  through  the  joint  system. 

The  centerline  of  the  dam  crosses  a  narrow  valley  bottom  between 
moderately  steep  abutments.  Depth  to  rock  on  the  left  abutment  varies 
from  4  to  8  feet.  The  residual  soils  consist  of  an  upper  layer  of  silt 
and  clay  classified  as  CL  and  ML,  and  a  lower  layer  of  hard  micaceous 
silty  sand  or  sandy  silt  classified  as  SM  and  ML.  Depth  to  rock  on  the 
right  abutment  varies  from  8  to  12  feet.  The  residual  soils  overlying 
the  rock  are  mostly  silty  sand.  Depth  to  rock  in  the  flood  plain 
varies  from  6  to  9  feet.  The  lowest  alluvial  layer  is  quartz  pebble 
and  cobble  gravel  with  a  silty  sand  matrix  classified  as  SM  and  GM 
material.  An  intermediate  layer  consists  of  sandy  silt  and  silty  sand 
and  it  is  overlain  by  alluvial  silty  clay. 


The  dam  is  founded  on  alluvial  soils  which  vary  in  thickness  from  6  to 
9  feet.  In  the  stability  analysis,  the  foundation  was  considered  to 
consist  of  a  2-foot  thick  upper  layer  of  ML  soils  and  a  2-foot  thick 
lower  layer  of  SM-GM  soils.  A  cutoff  trench  was  constructed  along  the 
dam  centerline  extending  along  both  abutments  at  least  as  far  as  the 
100-year  sediment  pool  at  elevation  1282.4  (see  Plate  II,  Appendix  I). 
The  base  width  of  the  trench  is  12  feet  and  the  excavation  for  the 
cutoff  was  specified  to  be  into  solid  granite  bedrock.  The  geologic 
report  of  the  damsite  is  inclosed  in  Appendix  IV.  The  logs  of  test 
holes  are  shown  on  Plate  VI  and  VII,  the  profile  along  the  cutoff 
trench  is  shown  on  Plate  II,  Appendix  I. 

6.2  Embankment:  The  as-built  drawing  (Plate  III,  Appendix  I) 
indicates  that  the  crest  of  the  dam  is  14  feet  wide  and  contructed  to 
elevation  1299.25.  The  estimated  settlement  of  the  fill  was  1.25  feet 
so  that  the  final  elevation  of  the  crest  would  be  1298.0  feet.  The 
upstream  slope  is  2-1/2: 1  with  a  10-foot  berm  at  elevation  1263.9,  and 
below  the  berm,  the  slope  changes  to  4:1.  The  berm  slopes  downward  at 
a  10:1  slope.  The  downstream  slope  is  2-1/2: 1  with  a  10-foot  berm 
located  at  elevation  1272.0.  The  berm  is  horizontal. 

The  embankment  is  a  two-zoned  earthfill  structure.  The  trapezoidal 
shaped  core  with  1:1  side  slope  is  noted  as  zone  1  and  is  constructed 
with  CL  and  MH  materials.  The  shell  is  noted  as  zone  2  and  is 
constructed  with  a  variety  of  material  classified  as  ML,  SM,  and 
GC-GM.  All  the  materials  were  to  be  placed  in  a  9-inch  lift  at  a 
minimum  of  95  percent  of  standard  Proctor  density  and  with  moisture 
content  slightly  wet  of  optimum. 


* 


4 


6-2 


6.3  Evaluation:  The  following  evaluations  are  made  based  on  visual 
inspection  and  review  of  existing  records.  The  construction  records  and 
stability  analysis  calculations  were  not  available.  The  visual 
inspection  revealed  no  evidence  of  undue  settlement,  cracks,  slope 
instability,  nor  improper  functioning  of  internal  drains.  The  cutoff 
trench,  the  anti-seep  collars  around  the  principal  spillway,  and  the 
internal  drains  appeared  to  be  effective  in  controlling  to  some  extent 
the  seepage  during  the  normal  pool  condition  at  elevation  1273.7  (the 
50-year  sediment  pool).  With  proper  maintainance ,  the  grass  vegetative 
cover  appeared  to  adequately  protect  the  faces  of  the  embankment.  The 
relatively  flat  upstream  slope  of  4:1  appeared  to  adequately  protect 
the  shoreline  from  erosion  caused  by  wave  action. 

The  design  report  (see  Appendix  V)  did  not  indicate  that  the  safety 
factors  for  the  stability  analysis  are  the  minimum  values. 

Conventional  analyses  using  a  computer  normally  give  the  minimum  safety 
factors.  If  this  is  the  case,  the  stability  conditions  are 
satisfactory  and  the  conventional  safety  margins  exist  (see  Section 
2.1). 

The  undesirable  conditions  noted  are  the  wet  area  at  the  toe  of  the 
downstream  slope,  (discussed  in  Section  3.1.2)  and  the  underground 
spring  at  the  left  bank  of  the  downstream  channel  (discussed  in  Section 
3.1.6).  With  only  visual  inspection,  it  could  not  be  determined 
whether  the  wet  areas  and  the  spring  were  due  to  seepage  from  the 
reservoir  or  due  to  natural  springs  which  existed  prior  to  the  dam 
construction.  Due  to  the  fact  that  the  geology  report  failed  to 
mention  any  springs  or  swamps  in  the  site  investigation  and  the 
suspected  joint  system  in  the  granite  (see  Section  6.1  and  Appendix 
IV),  one  cannot  rule  out  that  these  conditions  are  not  caused  by 
seepage  from  the  reservoir.  Although  the  situation  is  not  a  major 
problem  at  this  time,  the  wet  area  and  the  flow  rate  of  the  spring 


6-3 


should  be  closely  monitored.  More  importantly,  the  source  of  these 
conditions  must  be  determined  and  any  remedial  measures  should  be  made 
before  the  present  normal  pool  at  elevation  1273.7  is  raised  to 
elevation  1282.4  in  the  future. 

Although  the  emergency  spillway  is  constructed  by  an  earth  cut  at  the 
right  abutment,  it  is  separated  from  the  dam  by  a  very  narrow  berm  (see 
Plate  I,  Appendix  I).  The  Design  Report  by  SCS  indicated  that  the 
location  of  the  spillway  was  restricted  by  a  cemetery.  The  approach 
left  slope  of  the  spillway  was  bare  at  the  time  of  inspection.  Since 
the  berm  is  unusually  narrow,  a  grass  cover  protection  for  the  side 
slope  may  not  be  adequate.  If  the  berm  were  eroded  when  the  emergency 
spillway  operates,  the  dam  could  breach  at  the  right  abutment.  Proper 
protective  cover  should  be  constructed  on  the  entire  left  side  slope 
of  the  spillway. 

As  the  dam  is  located  in  seismic  zone  2,  the  dam  may  be  assumed  to 
present  no  hazard  from  earthquakes  provided  the  stability  conditions 
are  satisfactory  and  conventional  safety  margins  exist. 
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SECTION  7 


ASSESSMENT,  RECOMMENDATIONS /REMEDIAL  MEASURES 

7.1  Assessment:  The  Upper  Blackwater  River  Dam  No.  4,  as  observed 
17  May  1979,  appeared  to  be  in  good  condition  with  the  reservoir  level 
at  normal  pool.  Available  engineering  data  was  adequate  for  review. 

The  Spillway  Design  Flood  (1/2  PMF)  will  overtop  the  dam  for  a  duration 
of  2.5  hours  and  reach  a  depth  of  1.6  feet  over  the  top  of  the  dam. 

The  emergency  spillway  will  pass  20  percent  of  the  PMF  before 
overtopping  the  dam.  The  emergency  spillway  is  therefore,  adjudged  as 
inadequate.  The  actual  structure  is  similar  to  the  as-built  drawings 
given  in  Appendix  I.  The  stability  conditions  are  satisfactory  and  the 
conventional  safety  margins  exist  if  the  dam  was  constructed  as 
specified  in  the  design  report. 

The  following  unfavorable  conditions  observed  should  be  further 
evaluated  and  possibly  corrected. 

a.  The  berm  at  the  right  abutment  forming  the  left  side  slope  of 
the  emergency  spillway  should  be  enlarged  or  the  side  slope  protected. 
This  corrective  measure  should  be  initiated  within  six  months. 

b.  The  source  of  the  wet  condition  at  the  toe  of  the  dam  should  be 
determined  and  appropriate  remedial  measures  be  taken  before  the 
present  normal  pool  is  raised  to  the  100-year  sediment  pool. 

7.2  Recommended  Remedial  Measures:  It  is  recommended  that  the 
annual  inspection  and  maintenance  program  be  expanded  to  include  the 
following: 
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a.  Monitor  the  wet  area  at  the  downstream  toe  and  the  discharge 
from  the  hole  on  the  left  bank  of  the  downstream  channel  about  100  feet 
downstream  of  the  outlet  pipe.  Monitoring  should  also  be  accomplished 
during  periods  when  the  reservoir  rises  above  normal  pool. 

b.  All  bare  spots  should  be  seeded  and  fertilized  to  form  a  good 
grass  cover. 

c.  All  gullies  caused  by  runoff  and  animal  burrows  should  be 
filled  with  compacted  soils  of  the  same  type  used  to  form  the  face  of 
the  dam.  The  restored  areas  should  be  seeded  to  form  a  good  grass 
cover . 

d.  Remove  all  trees  and  shrubs  from  the  riprap  at  the  stilling 
basin  and  from  the  upstream  slope. 

e.  Install  a  staff  gage  in  the  reservoir. 
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APPENDIX  II 


PHOTOGRAPHS 


PHOTO  3  WET  MARSHY  AREA  AT  TOE  TO 
LEFT  OF  PRINCIPAL  SPILLWAY 


WET  MARSHY  AREA  IN  FIELD 
BEYOND  TOE  OF  DAM 


PHOTO  5  JUNCTION  OF  SUSPECTED  FIELD 
DRAIN  AND  MAIN  CHANNEL 


TYPICAL  ANIMAL  BURROW  AT 
JUNCTION  OF  LT.  ABUTMENT  AND 
EMBANKMENT 


APPENDIX  III 
FIELD  OBSERVATIONS 


(VA  I.D.  NO.  06702) 

Lat.  3704. 

Name  Dam  Upper  Blackwater  River  #4  County  Franklin  State  Virginia  Coordinates  long  8002.2 


SWCB  -  State  Water  Contro 


VISUAL  EXAMINATION  OF  OBSERVATIONS  REMARKS  OR  RECOMMENDATIONS 


RIPRAP  FAILURES  Riprap  not  used  for  embankment  protection.  None 
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APPENDIX  IV 


GEOLOGIC  REPORT 
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DETAILED  GEOLOGIC  INVESTIGATION  OF  DAM  SITES 

GENERAL 

Frankl i n  . 


.  It. _ It,  See  _ 

_  Site  number  4 


T. 


Upper  Blackwater 

Watt  retied  -  River _ 


S>te  (roup  . 

Backhoe:  Dozer 


I 


(type.  sue.  meat,  model,  etc.) 

.SITE  DATA 


Structure  date 
_ _  Date _ 


7/70 


Drainage  area  a.re  1-88  ,c  m.  696 .  3  acres.  Type  of  structure  Earth  Fill _ Purpose  Flood  Prevention 

Direction  of  valley  trend  (domnatream)  S  .  W. _ .  Maximum  height  of  fill  47 _ feet .  Length  of  fill .  565 

Estimated  volume  of  compacted  till  required _ 8 9 . 900 _ yerd! 

STORAGE  ALLOCATION 


Volume  (ac.  ft.) 

Surface  Area  (acres) 

Sediment 

162 

11 

Floodwtln 

226 

26 

Depth  at  Dam  (fact) 
20 

_ 38 


SURFACE  GEOLOGY  AND  PHYSIOGRAPHY 
h ill y  to 

Physiographic  description  — ELjedmOpt  .  Tatm.r.nhvmoUn  ta  i  nOUS.  Att„ ode  of  beds:  Dip  si„a» 

*  Steepness  ef  abutments:  Left — 23 - percent;  Right - LZ percent.  Width  of  floodplain  at  centerline  of  dam _ I  80  f# 

Central  geology  of  me: _ Upper  Blackwater  River  site  #4  is  located  in  northwestern 

.frankl In  Countv.  ten  miles  west-northwest  of  Rockv  Mount.  Virginia.  The 

-S.i-te.lies  on  the  North  Fork  of  the  Blackwater  River.  Coarse  oranite _ 

.containing  Quartz,  feldspar,  mica,  and  hornblende  underlies  this  site. 
Occasional  vein  quartz  cuts  the  granite.  The  granite,  qneissic  in  places. 
is.  exposed  in. the  Stream  bottom,  downstream  from  the  centerline  of  the 
■dam  and  also  in  the  left  upstream  portion  of  the  foundation. _ 

Residual  soil  weathered  from  granite  lies  on  the  abutments.  Colluvium 

■mantles  -Lhe  lower_.right  abutment,  partly  covering  alluvium.  Allm/ial _ 

-gravel-. — sand., — siJl , — and  cJ.ay  cover*  weathered  granite  in  thp  vallpy _ 

.bottom. _ _ _ _ _ _ 

t  . - - - -  _ 

v,  - - - 
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The  site  lies  across  a  narrow  valley  bottom  in  Precambrian  gneisses, 
near  the  southeast  edge  of  the  Virginia  Blue  Ridge  complex. 

The  Lynchburg  formation  ( Precambr i an) ,  lies  just  southeast  of  the  site. 
The  stream  pattern  is  dendritic,  and  somewhat  entrenched. 

Methods  and  Procedures 

1.  The  Unified  Soil  Classification  System  was  used  in  describing  soils 
encountered  in  the  foundation,  spillway,  and  borrow  area. 

2.  All  test  pits  were  dug  by  backhoe.  Twenty-five  pound  samples  were 
taken  of  all  significantly  different  materials  in  foundation  and 
borrow  areas.  A  one-gallon  undisturbed  sample  was  taken  in  the 
foundation. 

Centerline  of  the  Dam 

The  centerline  of  the  dam  crosses  a  narrow  valley  bottom  between 
moderately  steep  abutments.  On  the  left  abutment,  residual  soil 
extends  from  4+35  to  the  top  of  the  dam.  A  red,  hard  CL-ML  B-horizon, 
2-4  feet  thick,  overlies  2.4  to  4.5  feet  of  hard,  yellow-brown  to 
yellow-red  micaceous  silty  sand  or  sandy  silt  (C-horizon).  Toward  the 
toe  of  this  abutment  (sta.  4+50),  the  SM-ML  C-horizon  is  replaced  by 
5.8  feet  of  angular  granite  boulder  gravel,  and  the  B-horizon  is  absent. 
Depth  to  rock  (backhoe  refusal)  on  this  abutment  is  4.4„,  to  8.5  feet. 

Residual  soil  on  the  right  abutment  is  thicker  than  that  on  the  left. 
Yellow-red  to  white  silty  sand,  7.5  to  11.8  feet  thick  or  more,  overlies 
angular  boulder  gravel  (weathered  granite)  or  granite  directly.  The 
B-horizon  is  missing.  In  the  vicinity  of  1+50,  subangular  quartz  and 
granite  cobble  and  boulder  gravel,  3.5  feet  thick,  overlies  the  residual  • 
SM  and  may  be  an  old  alluvial  terrace  remnant.  Downslope  from  2+50, 

3.4. to  6.75  feet  of  red  to  red-brown  colluvial  CL  overlie  1.75  feet  of 
residual  SM.  The  clay  extends  out  over  alluvium  at  the  toe  of  the 
abutment. 

In  the  valley  bottom,  the  lowest  alluvial  layer  is  quartz  pebble  and 
cobble  gravel  with  a  silty  sand  matrix.  The  gravel  lies  in  two  separate 
lenses  below  the  <£.  dam;  one  is  at  3+50,  1.5  feet  thick  and  resting 
directly  upon  hard  granite.  The  gravel  overlaps  residual  SM  on  the  left 
and  residual  boulder  gravel  on  the  right.  The  other  quartz  gravel  lense, 
2.25  feet  thick,  underlies  the  right  edge  of  the  floodplain,  above 
residual  silty  sand.  Above  the  quartz  gravel  is  gray  silty  sand  or 
sandy  silt,  sometimes  mottled  brown,  from  1.25  to  3.3  feet  thick.  Above 
this,  in  two  separate  areas,  is  red  to  red-brown  silty  sand,  2.0  -  3.5 
feet  thick.  On  the  right,  this  silty  sand  is  overlain  by  colluvial  and 
alluvial  silty  clay.  Depth  to  rock  in  the  floodplain  varies  from  6.5 
to  9.5  feet.  The  water  table  lay  3  to  9.2  feet  below  the  surface  at 
the  time  of  investigation. 
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Eleven  test  pits  were  dug  along  the  t  dam.  They  are  numbered  TP-1  to 
TP-11. 


Centerline  of  Principal  Spillway 

The  centerline  of  the  principal  spillway  crosses  the  centerline  of  the 
dam  at  3+00  dam  and  3+00  <t  pipe.  The  two  centerlines  form  an  angle  of 
90°.  Alluvial  materials  similar  to  those  described  under  the  <£.  dam 
underlie  the  £  pipe.  Lenses  of  quartz  gravel,  1  -  2.7  feet  thick, 
overlie  either  brown  residual  SM,  residual  boulder  gravel,  or  hard 
granite.  Gray  silty  sand  or  sandy  silt,  1.5  -  3.5  feet  thick,  overlies 
either  the  gravel  or  weathered  granite  in  the  upstream  half  of  the  pipe 
location.  Above  the  SM  -  ML  is  red  clayey  silt  or  silty  clay,  1  -  3 
feet  thick,  alternating  along  the  pipe  location  with  red  to  red-brown 
siltysand  to  sandy  silt.  Downstream  from  3+25,  these  reddish  soils 
overlie  residual  coarse  sand  or  gravel  directly,  except  for  intervening 
alluvial  gravel  lenses  at  4+75  and  5+00.  Depth  to  rock  varies  from 
4  to  9  feet  below  the  surface.  The  rock  line  declines  irregularly  from 
1246.5  feet  elevation  (1+50),  to  1241.5  feet  (5+00).  The  water  table 
lay  from  2.5  to  8.25  feet  below  ground  at  the  time  of  investigation. 
Fourteen  test  pits  were  dug  along  the  <£.  of  the  pipe.  They  are  numbered 
TP-301  to  TP-314. 

Foundation 

A1  luvium  simi lar  to  that  described  above  lies  in  the  foundation  area 
(toe  drain).  On  the  left  side,  1.8  feet  of  quartz  gravel  overlie 
residual  gray  silty  sand  weathered  from  granite.  Soft,  gray  silty 
sand,  2  feet  thick,  overlies  this  gravel,  and  3.5  feet  of  red  silty 
sand  makes  up  the  top  alluvial  layer.  The  alluvial  sands  overlap  red 
colluvial  silty  clay,  8  feet  thick,  at  the  toe  of  the  left  abutment. 

The  clay  overlies  the  alluvial  quartz  gravel,  2.7  feet  thick  at  this 
point.  To  the  right  of  the  stream  channel,  the  bedrock  rises  sharply 
from  9  feet  to  within  4  feet  of  the  surface.  The  alluvium  on  the  left 
wedges  out  against  weathered  granite  (SM),  and  only  2  feet  of  alluvium, 
as  clayey  silt,  overlie  1.6  feet  of  residual  SM  on  the  right  side  of 
the  floodplain. 

The  water  table  lay  4  to  9  feet  below  ground.  Two  test  pits  were  dug 
along  the  toe  drain  area.  They  are  TP-501  and  TP-502.  Granite  crops 
out  in  the  upstream  side  of  the  foundation,  about  50  feet  left  of 
sta.  4+00  <t  dam. 

Emergency  Spill  wav 

The  emergency  spillway  is  located  in  the  right  abutment.  The  center- 
line  of  the  spillway  curves  across  the  centerline  of  the  dam  at  about 
62  feet  right  of  0+00  £  dam  (looking  downstream),  at  2+75  |  EMS. 
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Residual  red  CL  -  ML,  4.5  -  7.5  feet  thick,  overlies  yellow  to  yellow- 
brown  silty  sand  or  sandy  silt.  The  SM  -  ML,  3  to  7.7  feet  thick  or 
more,  is  the  C-horizon  on  granite. 

At  the  upstream  end  of  the  outside  edge,  the  C-horizon  becomes  red, 
sandy  silt  with  clay.  No  rock  was  reached  in  the  emergency  spillway. 
Nine  test  pits  were  dug  in  the  spillway.  They  are  numbered  TP- 201  to 
TP-209. 

Borrow  Area 

In  addition  to  the  emergency  spillway,  a  borrow  area  was  investigated 
for  500  feet  upstream. f rom  the  centerline  of  the  dam.  The  major 
portion  of  the  area  lies  to  the  right  of  the  stream,  as  a  steep  hill 
rises  almost  directly  from  the  left  stream  bank  a  short  distance  from 
the  upstream  toe  of  the  dam.  Borrow  consists  of  alluvium,  colluvium, 
and  residual  soil. 

Alluvial  soils  are  similar  to  those  described  elsewhere.  Quartz  and 
granite  pebble  and  cobble  gravel,  0.5  to  1.5  feet  thick,  is  overlain 
by  1.75  to  2.5  feet  of  light  gray  to  light  brown  silty  sand.  Red  to 
red-brown  sandy  silt,  1.25  to  2.5  feet  thick,  overlie  this.  The  ML 
becomes  clayey  in  the  downstream  part  of  the  borrow  area,  near  the  dam. 
From  about  350  to  500  feet  upstream  from  the  dam  is  a  strip  of  terrace 
alluvium  made  up  of  2  feet  of  red,  silty  clay  over  3.5  feet  of  granite 
cobble  gravel.  Underlying  all  alluvium  is  coarse,  brown  si1;ty  sand, 

1 .0  -  6.2  feet  thick,  weathered  from  granite. 

On  the  lower  right  slopes,  red-brown  colluvial  sandy  clay  with  silt 
overlies  light  gray  clayey  silt,  1.5  to  1.75  feet  thick.  Residual 
granite  SM,  4  feet  thick,  underlies  the  colluvium.  In  places  the 
colluvial  CL  has  washed  over  alluvial  gravel.  Upslope  from  the 
alluvial  and  terrace  soils  is  residual  soil  weathered  from  granite.  Red 
silty  clay,  3.25  feet  thick,  overlies  7  feet  or  more  of  yellow-brown 
silty  sand..  These  materials  are  probably  continuous  laterally  with 
residual  soil  described  in  the  emergency  spillway. 

On  the  left  side  of  the  stream,  an  area  of  red  CL  2  feet  thick  overlies 
residual  sand;  4  feet  or  more  in  thickness.  This  soil  is  flanked  by 
a  steep  valley  side  on  the  left.  The  water  table  varied  from  3.5  to 
9.3  feet  below  ground  at  the  time  of  investigation.  The  rock  line  lies 
from  6  to  11.5  feet  or  more  below  the  surface.  Ten  test  pits  were  dug 
in  the  borrow  area.  They  are  TP-101  to  TP-110. 
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INTERPRETATIONS  AND  CONCLUSIONS 


1.  Cutoff  should  be  taken  into  solid  granite  bedrock  at  least  as  far 
as  the  top  of  the  permanent  pool.  This  may  involve  a  cutoff 
trench  depth  of  from  10  to  12  feet  in  the  valley  bottom  and  on 
the  right  abutment,  and  6-8  feet  on  the  left  abutment.  It  is 
unlikely  that  cutoff  can  be  extended  to  the  top  of  the  dam  on 
hard  granite  in  the  right  abutment  before  the  spillway  area  is 
reached;  however,  a  keyway  a  few  feet  into  the  hard  residual  SM 
may  be  desirable. 

2.  From  outcrops  and  the  blocky  nature  of  boulders  weathered  from 
granite,  it  appears  that  a  joint  system  is  we 1 1 -developed  in  the 
granite.  Jointing  may  not  be  a  serious  leakage  problem  but  this 
eventuality  should  be  kept  in  mind  and  grouting  employed  if  it 
is  thought  necessary. 

3.  The  bedrock  shelf  on  the  right  downstream  toe  may  have  to  be 
sloped  back  to  prevent  differential  settlement.  'r 

4.  The  pipe  location  seems  to  be  the  best  feasible  on  this  site. 

A  clay  cushion  should  be  placed  along  the  pipe  trench  to  reduce 
differential  settlement  due  to  unevenness  of  the  rock  and  vari¬ 
ability  of  alluvial  sediments. 

5.  Little  or  no  non-rippable  rock  is  present  in  the  emergency  spill¬ 
way  cut.  However,  the  dam  height  is  given  in  the  work  plan  as 
being  2  feet  higher  than  in  the  survey  data  (Sheet  1,  SCS-35's). 
This  would  place  a  cemetery,  on  the  right  abutment,  within  the 
spillway  cut.  If  the  revised  height  is  used,  the  spillway  will 
have  to  be  placed  in  the  left  abutment,  with  considerable  rock 
removal  needed. 

6.  There  should  be  sufficient  borrow  to  construct  the  embankment. 
Thirty  thousand  cubic  yards  will  come  from  the  emergency  spillway. 
Good  core  material  can  be  found  in  the  red  CL  -  ML  layer  in  the 
spillway,  and  in  colluvial  and  residual  clay  on  the  lower  right 
hillslopes  along  the  edge  of  the  sediment  pool.  To  gain  addi¬ 
tional  core  material,  the  right  slopes  can  be  cut  back  and  the 
area  flooded  to  save  reseeding.  See  the  correlation  chart  for 
placement  of  borrow  materials. 

^-7.  All  topsoil  should  be  stockpiled  for  use  as  top  dressing. 
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APPENDIX  V 

DESIGN  REPORT 


SIRJUCT: 


TO: 


UNITED  STATES  DEPARTMENT  OF  AGRICULTURE 
soil  conservation  service  -  Soil  Mechanics  Laboratory 
•xx.'LvonL'L'crabcccOLi  SCO  "J"  Street,  Lincoln,  Nebraska  68508 

SNG  22-5,  Virginia  WP-OS,  Upper  Blackwater  date:  April  7,  1971 

Watershed,  Site  No.  L  (Franklin  County) 

Louis  S.  Button,  Jr.,  State  Conservation  Engineer 
SCS,  Richmond,  Virginia 


ATTACHMENTS 

1.  Form  SCS-35*+,  Soil  Mechanics  Laboratory  Data,  L  sheets. 

2.  Form  SCS-123,  Consolidation  Test  Data,  2  tests,  2  sheets. 

3.  Form  SCS-355A  &  3,  Triaxial  Shear  Test  Data,  k  tests,  7  sheets. 

4.  Form  SCS-352,  Compaction  and  Penetration  Resistance,  9  sheets.  — - 

5-  Form  SCS-357,  Summary  -  Slope  Stability  Analysis,  3  sheets. 

6.  Form  RTSC-FW-ZNG-I+2,  Determination  of  s  and  Probable  Joint  Gaps,  1  shed; 
7-  Investigational  Plans  and  Profiles. 


DISCUSSION 


OEiVoKAL  1 

The  proposed  flood  prevention  dam  is  located  in  the  Piedmont  physiographic 
area.  It  is  designated  as  a  class  "b"  dam,  has  a  maximum  height  of  1+7 
feet,  and  it  has  a  1.83-square-mile  drainage  area. 

FOUNDATION 

A.  Bedrock.  The  bedrock  at  the  site  is  granite.  It  occurs  at  depths 
from  about  L  feet  to  12  feet  on  the  abutments  on  centerline  and  at 
depths  of  about  7  to  9  feet  outside  the  channel  area  in  the  flood- 
plain  section.  The  bedrock  is  exposed  in  the  channel  downstream 
from  centerline. 

Refer  to  the  geology  report  for  a  description  of  the  bedrock. 

B.  Soil  Classification.  The  soil  mantling  the  bedrock  is  logged  as 
residual  on  the  upper  part  of  the  abutments  with  colluvium  on  the 
lower  right  abutment  and  alluvium  in  the  floodplain  section.  The 
sequence  of  these  materials  along  with  the  field  classifications 

is  well  outlined  in  the  geology  report.  Form  SCS-315  (copy  attached). 

Samples  of  the  alluvium  were  submitted  from  the  proposed  principal 
spillway  location,  and  the  index  test  data  obtained  sire  recorded  on 
the  attached  Form  SCS-35*+.  The  samples  submitted  are  classed  as  ML, 
CL,  and  GP-GM .  The  fine-grained  samples  contained  from  58  to  72 
percent  fines,  the  LL’s  ranged  from  27  to  3*+>  and  the  Pi’s  ranged 
from  4  to  13.  The  GP-GM  contained  6  percent  fines. 

r\ 
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In  addition  to  the  samples  from  the  principal  spillway  location,  three 
samples  of  alluvium  and  one  sample  of  colluvium  were  submitted  from 
centerline  test  holes.  The  colluvium  is  a  CL  that  contains  73  per¬ 
cent  fines,  the  LL  is  30,  and  the  PI  is  11.  The  samples  of  alluvium 
are  classed  as  CL,  ML,  and  SM. 

C.  Shear  Strength.  An  undisturbed  sample  of  the  ML  alluvium  was  sub¬ 
mitted  from  test  hole  3H-  This  sample  had  a  density  of  about  1.50 
g/cc.  A  consolidated  undrained  triaxial  shear  test  was  made  ami  the 
shear  strength  parameters  obtained  are  0  =  l6#,  c  =  700  psf.  These 
represent  the  saturated  shear  strength  values .  The  test  was  made 
at  natural  moisture  content,  which  was  greater  than  95  percent  of 
theoretical  saturation. 

For  design  purposes  we  suggest  shear  strength  parameters  of  0  =  35°, 
c  =  0  for  the  SM  and  GM  materials. 

D.  Consolidation.  The  foundation  materials  are  quite  stratified  and 
the  individual  stratum  are  quite  thin;  consequently,  a  consolidation 
test  was  not  made  on  the  core  sample  because  of  the  limited  thick¬ 
ness  of  material  represented.  Based  on  the  amount  of  consolidation 
that  occurred  on  the  triaxial  shear  test  specimens,  we  expect  the 
consolidation  potential  of  the  foundation  at  the  T?-6  location  to 

be  less  than  0-5  foot. 

E.  Permeability.  It  ds  anticipated  that  the  cutoff  trench  will  extend 
through  the  alluvial  and  the  colluvial  material. 

EMBANKMENT  MATERIAL 

A.  Soil'  Classification.  Samples  of  borrow  material  submitted  are 
grouped  and  the  index  test  data  are  summarized  as  follows: 
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£  Passing 

Proctor 

Densi 

Material 

Sample 

No. 

0.002 

0.005 

#200 

LL 

PI 

Class 

Max.  yd 

vo 

Field 

Lab . 

mm  • 

TTTT71  . 

pcf 

CL  colluvium 

4.1 

71W- 

1094 

28 

39 

73 

100 

30 

11 

CL 

110.5 

16.5 

and  residual 

203-1  1099 

32 

42 

73 

100 

31 

12 

CL 

105-0 

17-5 

soil 

107.1 

1103 

39 

48 

81 

100 

38 

15 

CL 

100.5 

22.5 

ML  and  SM 

11.1 

1097 

11 

18 

61 
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28 

0 

ML 
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I8.5 
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206.1 

1100 

10 

14 
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1101 
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ML 
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1102 
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20. 0| 

MH  residual 

202.1 

IO98 

69 
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89 
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MH 

87-0 

31.5 
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alluvium 

110.1 

1104 

12 

15 

28 

61 

28 
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B.  Shear  Strength.  Consolidated  undrained  triaxial  shear  tests  vere 
Bade  on  an  ML  (ll-l),  a  CL  (203-1),  and  an  MH  (202-1)  to  represent 
the  range  of  fine -grained  materials  submitted.'  Tne  tests  were  made 
at  95  percent  of  standard  Proctor  density.  The  test  specimens  were 
back-pressured  to  saturate  them,  and  pore  pressure  was  measured 
during  shear.  The  data  obtained  are  summarized  as  follows: 


Sample  No. 

Class 

Test  7d 
pcf 

B 

Parameter 

Snear 

Snrengnn  rarameners 

lotal  stress 

i&Tective  btress 

0  deg. 

c  psf 

^  deg. 

c  psf 

71W1097 

ML 

96.8-97.3 

O.95 -0.98 

20.5 

800 

31.0 

500 

7IWIO98 

MH 

82.6-83.3 

O.95 -O.98 

6-5 

1200 

11.0 

1200 

7IWIO99 

CL 

99-7-100.1 

0-95 -O.98 

10.0 

^75 

27-5 

200 

The  test  values  are  suggested  for  design. 

C.  Consolidation.  Consolidation  tests  were  made  on  the  MH  (7IWIO98)  and 
on  the  CL  (7TW1099)-  The  tests  were  made  on  specimens  compacted  to 
95  percent  of  standard  Proctor  density.  The  test  specimens  were 
molded  slightly  wet  of  standard  Proctor  optimum  using  a  kneading 
compaction  technique.  The  data  obtained  are  shown  on  the  attached 
Fbrms  SCS-128.  The-  data  Indicate  that  the  MH  has  a  consolidation 
potential  of  about  k<$,  and  that  the  CL  has  a  consolidation  potential 
of  about  6#  for  a  loading  equivalent  to  that  in  the  base  of  the  fill. 

SLOPE  STABILITY 


The  stability  of  the  proposed  embankment  slopes  was  checked  with  a  circle 
method  of  analysis  using  a  computer  and  the  SCS  program,  and  with  a  sliding 
block  method  (Navdocks). 

The  lowest  shear  strength  parameters  were  obtained  on  the  CL,  and  for  the 
analysis  we  considered  that  the  interior  section  of  the  embankment  would 
consist  of  this  type  of  material  with  outer  sections  of  the  ML.  laboratory 
charts  based  on  a  circle  method  of  analysis  were  used  to  determine  that  the 
total  stress  values  for  the  CL  and  the  effective  stress  values  for  the  ML 
resulted  in  the  least  shear  strength  for  the  loading  range  planned,  and 
they  were  used  in  both  the  computer  and  the  sliding  block  methods  of 
analysis. 

Tne  analysis  shows  that  the  proposed  2§-:l  downstream  slope  with  the  10- 
foot  berm  planned  at  elevation  1272  has  a  factor  of  safety  of  1.5^  (trial 
No.  3)  with  the  steady  seepage  condition  considered. 
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-‘^e  sliding  block  analysis  on  the  upstream  slope  shovs  that  the  3:1 
s  ope  planned  below  the  10-foot  berm  at  elevation  1273-7  should  be 
xla opened  to  4:1  to  obtain  a  factor  of  safety  greater  than  1-35  for 
the  full  drawdown  condition. 

A  summary  of  the  analysis  is  attached. 


CONCLUSIONS  AND  RECOMMENDATIONS 


3. 


A.  Cutoff.  We  concur  with  the  proposal  to  bottom  the  cutoff  trench  ir 
soynd  granite  below  sediment  pool  elevation.  We  suggest  that  the  CL 
colluvial  or  residual  soil  be  used  for  backfill  in  preference  to 

®dtbar  th€  ! ®  °*  the  ML‘  We  recommend  that  it  be  placed  at  a  minimum 
95  percent  of  standard  Proctor  density, 

Cvl^iPaoJni:L1^y-'  The  Pr°P°sed  location  crosses  the  <L  of  dam  at 
fiw?  3  °°‘  ThS  °edroclc  furface  undulates,  and  the  thickness  of 
alluvium  ranges  from  about  4  feet  to  9  feet.  At  the  intersection  of 

wav  dam  and  the  centerline  of  the  principal  spill- 

y  he  alluvium  is  7  feet  thick.  The  consolidation  potential  at 
this  point  is  judged  to  be  less  than  0.5  foot.  Based  on  this  estimate 
^+?5i?eJinS  t  found£tion  thickness  of  5  feet,  the  horizontal  strain 
i  Z°  bf  in  the  ranse  of  °'006  Refer  to  the  attached 

forcoSui:^iE^42  f°r  ^  eoB®utatlon-  A  ^  anSle  of  >30°  is  suggested 
for  conduit  loading  computations.  - 

C‘  §3%  A  drain  desiSned  to  control  the  phreatic  line  in  the  embankment 
§nd  to  intercept  any  seepage  that  might  bypass  the  cutoff  is  suggested 

+that  "he  PO/lnt  of/°ntro1  °f  the  ph-atic  ^  i*  no^further 
st^ar°  tnan  the  c/b  =  0.6  point.  The  filter  limits  should  be 
designed  in  accordance  with  soil  mechanics  Note  1. 

0-  Bnbankment  Design. 

1*  Placement  of  Material.  We  suggest  that  the  MH  and  the  CL  -like 
Sample  7i.va.099  be  restricted  to  use  in  the  interior  section  of 

Ve  recommend  a  minimum  placement  density  of  OS  nerrent 
of  standart  Proctor  density,  and  ve  suggest  a  piacLanil^iSSf- 
slightly  wet  of  optimum. 

2.  Slopes.  The  test  data  and  analyses  indicate  that  the  following 
slopes  have  acceptable  factors  of  safety: 


a. 


Upstream.  2^:1  above, a  10-foot  berm  at  elevation  1273.7 
and  4:1  belowthe  berm. 

b.  Downstream.  2^:1 .with  a  10-foot  beim  at  elevation  1272 
and  with  a  drain  to  control  the  phreatic  line. 

3*  Settlement.  An  overfill  allowance  of  1.25  feet  is  suggested 
uo  compensate  for  residual  consolidation  in  the  fill  and 
foundation. 
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DESIGN  REPORT  SUMMARY 


Watershed  Data 

A.  Structure  Closs _ 

B.  Drainage  Area _ 

C  Time  of  Concentration  -  Tc 

D.  Hydrologic  -Curve  Number  -  Cn 
I.  Moisture  Condition  H 


Principal  Spillway 

A.  Conduit 

1.  Inside  Dio.  _ _ , _ 

2.  Length _ 

B.  Riser 

I.  Inside  Dimensions _ 

2.  Height  (Floor  to  Crest ) _ 

C.  Weir  Length _ 

D.  Orifice  Dimensions _ 

E.  Reservoir  Drain  Size__ 

F.  Type  of  Energy  D i ss i p~o t~ t  f~~~ 'p'^ p" ~ 'PlJ li j' V/ 
Emergency  Spillway 

A.  Width . 

B.  Side  slopes  _ _ 

C.  Length  of  Level  Section _ 

D.  Exit  Slope _ 

E.  Max.  Velocity  in  Exit  Section  @  D.  K  W. _ 

F.  Duration  of  Flow  thru  Emer.  Spillway  ©  D.  H.  W. 

6.  Frequency  of  Use__ 


Eorth  Fill 

A.  Height . 

B.  Volume _ .  -  4.QQ} 

C.  Compaction _ ~  ------  C /a  gs  W 

.-1  & 
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FILL  PLACEMENT 


APPENDIX  VI 
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